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Hypothyroidism protects against free radical damage in
ischemic acute renal failure
MARK S. PALLER with the technical assistance of JOSEPH J. SIKORA
University of Minnesota, Box 736 Mayo Building, Minneapolis, Minnesota, U.S.A.
Hypothyroidism protects against free radical damage in ischemic acute
renal failure. The effect of hypothyroidism on ischemic acute renal
failure was studied in rats. Ten days after thyroidectomy with parathy-
roid reimplantation, rats underwent right uninephrectomy followed by
occlusion of the left renal artery for 60 mm. Plasma creatinine was
lower in thyroidectomized than control rats 24 hr after ischemia; 1.3
0.5 vs. 3.2 0.6 mg%; P < 0.05. Twenty—four hours after ischemia,
inulin clearance was higher in thyloidectomized than control animals
(0.40 0.06 vs. 0.17 0.03 muter/mm; I' < 0.01). despite an initially
lower inulin clearance in thyroidectomized animals (0.81 0.08 vs. 1.1
0.07 mliter/min: P < 0.05). Administration of the antithyroid drug
prophyithiouracil for 14 days also resulted in lower plasma creatinine
after ischemia. Kidneys from thyroidectomized animals showed less
histologic damage 24 hr after ischemia. Renal cortical content of the
lipid peroxidation product malondialdehyde was increased less in
thyroidectomy than control kidneys after 60 mm ischemia plus IS mm
rellow (0.08 0.02 vs. 0.42 0.1 nmole/mg protein; P < 0.005). Renal
cortical glutathione content was higher in thyroidectomized animals by
approximately 36%, 650 46 vs. 479 32 nmole/mg protein (P <
0.02). In normal rats, glutathione infusion also increased renal cortical
glutathione content and resulted in lower plasma creatinine 24 hr after
renal artery ischemia. Therefore, hypothyroidism resulted in functional
and histologic protection against injury after ischemia. Post-ischemic
renal lipid peroxidation was reduced in thyroidectomized animals,
perhaps the result of increased scavenging of reactive oxygen species
(oxygen free radicals and H202) by glutathione.
Oxygen free radicals are now believed to mediate damage
after ischemia of the kidney Ii, 2]. During ischemia, there is a
rapid breakdown of tissue ATP and an increase in the concen-
tration of ATP degradation products [3, 5]. When reflow of
blood is established, xanthine oxidase converts hypoxanthine
to xanthine and uric acid, and superoxide radical (02-) is
produced as a by—product of this reaction [6]. Superoxide
radical and its reduction products hydrogen peroxide (H202)
and hydroxyl radical (0H) then produce cellular injury by lipid
peroxidation of membranes and by enzyme inactivation [71.
Administration of free radical scavengers such as superoxide
dismutase and dimethylthiourea protected against damage in
experimental ischemic acute renal failure in the rat [1].
The purpose of the present study was to determine whether
alteration of the level of endogenous scavengers and antioxidants
could also protect the kidney from damage after ischemia plus
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reflow. In the lung, the antithyroid agent propylthiouracil (PTU)
protected against oxygen toxicity, a free radical mediated process,
while thyroxine exacerbated oxygen toxicity [8]. PTU increased
lung glutathione, while thyroxine decreased lung glutathione [8].
Reduced glutathione is the substrate for glutathione peroxidase,
an important endogenous inactivator of H202 and lipid
hydroperoxides [9]. Therefore, PTU may have protected the lung
from oxygen toxicity by preventing H202 (or OW) accumulation.
We wondered whether hypothyroidism could also protect the
kidney against free radical—mediated post-ischemic renal injury,
perhaps by increasing kidney glutathione.
Methods
Renal function after ischemia
Male Sprague—Dawley rats (Harlan, Madison, Wisconsin,
USA) weighing 270 to 325 g were used. All animals had free
access to standard rat chow and water. After sodium pentobar-
bital anesthesia (30 to 60 mg/kg, i.p.), a femoral vein catheter
(PE-50) was placed for the administration of drugs. Bilateral
flank incisions were made and the right kidney was removed.
The left renal pedicle was then dissected to expose the renal
artery. Heparin (10 IU/l00 g, i.v.) was administered and a
non-traumatic vascular clamp was placed across the renal
artery for 60 mm. Afterwards, the incisions were closed and the
animal was allowed to recover. Blood was collected daily from
the end of a cut tail for determination of plasma creatinine
(Creatinine Analyzer 2, Beckman Instruments Inc., Fullerton,
California, USA). This model of acute renal failure was then
used in thyroidectomized or PTU-treated animals to study the
effect of hypothyroidism.
Effect of thyroidectoniv
To produce hypothyroidism, rats were anesthetized with
pentobarbital and a neck incision was made. The thyroid gland
was isolated and removed as completely as possible. The two
parathyroid glands were then separated from the thyroid using
a dissecting microscope, and the parathyroid glands were
reimplanted in the strap muscles of the neck of the rat. Control
rats underwent sham thyroidectomy which included neck inci-
sion, dissection of the parathyroids, and reimplantation of the
parathyroid glands. Rats were allowed to recover for 10 to 14
days and were then studied using the above protocol for acute
renal failure. At the time of renal ischemia, all rats studied had
serum calcium in the normal range as determined by atomic
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absorption spectrophotometer. Serum thyroxine concentration
was measured using a commercial radioimmunoassay (Quanti-
tope T4-RIA, Kallestad, Chaska, Minnesota, USA) to deter-
mine the degree of hypothyroidism in these animals.
In a separate group of six thyroidectomized and six
sham—operated rats, inulin clearance was determined 24 hr after
clamping the renal artery. For the 24 hr following renal ische-
mia, these animals were housed in individual metabolism cages
to collect urine for measurement of urinary creatinine, and Na
and calculation of fractional excretion of Na (FENa) and the
ratio of urine to plasma creatinine (U/Pcreat), indices of tubular
ability to absorb Na and H20, respectively. For clearance
measurements, rats were anesthetized with pentobarbital, cath-
eters were placed in the femoral artery, vein and left ureter, and
an infusion of inulin (10%) was begun at 0.06 mliter/min for 15
mm followed by 0.02 mliter/min for the duration of the study.
After a 30 mm equilibration period, two 20 mm urine collections
were made. Blood for plasma inulin determination was obtained
at the midpoint of each urine collection. The concentration of
inulin in urine and blood was determined by the anthrone
method, and inulin clearance was calculated by the standard
formula. Inulin clearance was also determined in six additional
thyroidectomized and six sham—operated rats after right
uninephrectomy, but without renal artery clamping, to deter-
mine baseline glomerular filtration rate,
Effect of propyithiouracil
To produce hypothyroidism by a different method, rats were
given PTU in their drinking water (0.0 1%) for 14 days. Cooper
et al found that this dose of PTU reduced serum thyroxine level
by 76% after 1 week and 83% after 1 month [10]. PTU-treated
and control rats then sustained renal artery ischemia by the
above protocol.
Morphologic studies
Kidneys from five sham-operated and five thyroidectomized
rats were examined by light microscopy. After ischemia and 24
hr of reflow, kidneys were fixed by perfusion at mean arterial
pressure with 1.25% glutaraldehyde in 0.1 M sodium phosphate
buffer (pH 7.4, osmolality 300 mOsm/kg), followed by immer-
sion in fixative for three hr. Sections were embedded in paraffin
and stained with hematoxylin and eosin. Slides were reviewed
blindly and scored with a semiquantitative scale to evaluate the
presence and extent of tubular epithelial cell flattening, brush
border loss, cell membrane bleb formation, cytoplasmic
vacuolization, cell necrosis, interstitial edema and tubular lu-
men destruction [I]. For each kidney, 50 cortical tubules from
at least five different areas were scored with care taken to avoid
repeated scoring of different convolutions of the same tubule.
Higher scores represent more severe damage (maximum score
per tubule was ten points).
Lipid peroxidation by free radicals
The effect of thyroidectomy on lipid peroxidation after 60 mm
ischemia plus 15 mm reflow was determined by measuring renal
cortical content of the lipid peroxidation product malondialdehyde
(MDA). Six thyroidectomized and seven sham-operated rats were
studied, Right kidneys removed prior to clamping the left renal
artery were placed in iced phosphate buffered saline and assayed
to determine the basal, pre-ischemic MDA content. MDA was
measured by the method of Ohkawa, Ohishi, and Yagi [11]. After
ischemia plus reflow, kidneys were rapidly removed and placed in
iced phosphate buffered saline. Sections of renal cortex were then
suspended in a total volume of 3 muter 100 mi KCI plus 0.003 M
EDTA and homogenized with a Polytron (Brinkman Instruments,
Westbury, New York, USA) at setting 8 for 15 sec. Homogenates
were then centrifuged at 600 x g for 10 mm. Two hundred
microliters of supernate were added to 0.2 mliter 8.1% SDS, 1.5
mliter 20% acetic acid (pH 3.5), 1.5 muter 0.8% thiobarbituric acid
and 6.6 mliter water. This solution was heated to 95°C for 60 mm.
After addition of 1.0 muter water and 5.0 mliter of an n-
butanollpyridine mixture (15:1 vol/vol) the mixture was vigorously
shaken and centrifuged at 2000 x g for 15 mm. The absorbance of
the upper organic layer at 532 nm was determined in a spectro-
photometer. Absorbance of tissue samples was compared to
results obtained using malonaldehyde tetraethylacetal standards
(Sigma Chemical Co, St. Louis, Missouri, USA). MDA values
were expressed per mg protein. All determinations of MDA were
performed in duplicate. The intra-assay coefficient of variation
was 4.2%.
Renal glutathione content
Renal cortical glutathione content was measured in nonischemic
kidneys from six thyroidectomized and seven sham—operated rats
by the method of DeLucia et al [12]. After pentobarbital anesthe-
sia, the kidneys were perfused in situ with iced 0.1 M phosphate
buffered saline for eight mm to remove intravascular erythrocytes
as well as possible. The kidneys were then removed and placed in
iced phosphate buffer. Sections of renal cortex were then homog-
enized in 2 mliter 0.25 M potassium phosphate buffer with a
Polytron. Homogenates were deproteinized by immersion in a
beaker of boiling water for five mm, then cooled in an ice bath and
treated with several drops of 10% trichloroacetic acid until the
supernate was clear. Particulate debris was removed by centrilu-
gation at 3000 x g for 10 mm. Reduced glutathione was measured
by adding 0.3 mliter supernate to a quartz cuvette containing 0.6
mUter 0.25 M potassium phosphate buffer (pH 6.8), 50 diter 1%
bovine serum albumin and 15 diter glyoxalase I (Sigma). The
contents were mixed and absorbance measured at 240 nm. Then,
10 piiter of 0.1 M methylglyoxal (Sigma) was added and absorb-
ance recorded after a plateau was reached (generally less than
eight mm). The concentration of glutathione was then calculated
from the increase in absorbance by the reaction product S-lactyl
glutathione using an extinction coefficient of 3.37 mM cm . All
measurements were performed in duplicate, and cortical
glutathione content was expressed per mg homogenate protein.
Using glutathione (Sigma) standards, intra-assay coefficient of
variation was 6.8% and inter-assay coefficient of variation was
4.3%.
Effect of increased renal glutathione content on renal
function after ischemia
To determine the effect of increased renal glutathione content
on renal function after ischemia, normal rats were infused with
glutathione (I mmole/kg body wt in 0.5 mliter saline, i.v.) 1 hr
before clamping the renal artery [13] and compared to six
vehicle—treated control rats. In a separate group of six rats
similarly treated with glutathione and five control rats, renal
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Fig. 1. Effect of thyroidectomy on renal function after ischemia.
Symbols are: (0—0) thyroidectomy. N 8: (•—•) sham thyroidec-
tomy, N 7; * < 0.05.
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cortical glutathione content was determined as above to verify
that glutathione infusion increased renal glutathione content.
All data are reported as the mean SEM. Statistical compar-
ison between groups was made using the unpaired (-test.
Results
Effect of thyroidectomy on renal function after ischemia
Thyroidectomized rats had serum thyroxine of 0.9 0.1
p.gIlOO mliter vs. 3.6 0.7 pgIlOO muter in sham—operated
animals (P < 0.005). Renal artery occlusion for 60 mm in rats
with contralateral nephrectomy resulted in a marked decrease
in renal function which generally recovered within I week. In
sham thyroidectomized animals, a peak plasma creatinine of 3.2
mg/100 mllter occurred 24 to 48 hours after occlusion. Animals
that had undergone thyroidectomy 10 days prior to renal
ischemia had significant attenuation of functional impairment
(Fig. 1). Twenty-four hours after renal artery occlusion, plasma
creatinine was only 1.3 0.2 mg/lOO mliter (P < 0.05). Plasma
creatinine remained lower 48 and 72 hours after ischemia in
thyroidectomized rats, although these differences did not reach
statistical significance. The large variation in creatinine values
at these times was due to variable rates of recovery of renal
function within each group.
Basal inulin clearance was lower in thyroidectomized animals
(0.81 0.08 vs. 1.1 0.07 mliter/min; P < 0.05), a finding
previously reported by others [13, 14]. Creatinine clearance was
also lower in thyroidectomized animals, 1.0 0.1 vs. 1.3 0.2
mliter/min. However, thyroidectomy significantly attenuated the
decrease in inulin clearance after ischemia so that at 24 hr, inulin
clearance was 0.40 0.06 mliter/min in thyroidectomized animals
but only 0.17 0.03 mliter/min in sham—operated animals (P <
0.01). Therefore, after ischemia, inulin clearance fell by 85% in
control animals but only 50% in thyroidectomized animals.
Thyroidectomy also resulted in better preservation of tubular
function after ischemia. FENa was 1.5 0.2% in hypothyroid
animals but 4.5 0.8% in sham—operated animals (P < 0.05).
U/Pcreat was also better preserved in hypothyroid animals, 29.3
2.3 vs. 10.0 2.0 in controls (P < 0.005).
Effect of PTU on rena/function after ischemia
PTU treatment also provided significant protection against
renal functional impairment after ischemia (Fig. 2). Plasma
creatinine was only 1.3 0.2 mg/l00 mliter compared to the
control value of 2.5 0.5 mg/100 mliter 24 hr after ischemia.
Morphologic studies
Thyroidectomy also provided histologic protection against
ischemic injury although substantial injury was observed in both
groups. The mean score for tubules from thyroidectomized rats
was 5.7 0.51 vs. 7.2 0.07 for sham-operated rats (P < 0.05).
The difference between the two groups was largely due to a
greater incidence of tubular cell necrosis in the control group (Fig.
3). There was no difference between control and thyroidectomy
kidneys with regard to the pattern or distribution of lesions.
Effect of thyroidectomy on lipid peroxidation
Basal renal cortical MDA content was similar in sham—oper-
ated (0.28 0.07 nmole/mg) and thyroidectomized animals
(0.33 0.09 nmole/mg protein). However, the increase in
cortical MDA content (Fig. 4) was much greater in control (0.42
0.1 nmole/mg protein) than in thyroidectomized animals
(0.08 0.02 nmole/mg protein; P < 0.005).
Effect of thyroidectomy on renal glutathione
Basal renal cortical glutathione content was greater in thy-
roidectomized versus sham—operated animals by approximately
36%. Renal glutathione was 650 46 nmole/mg protein in
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Fig. 2. Effect of propyithiouracil (PTU) on renal function after isehe-
mia. Symbols are: (0—0) PTU, N 6; (•—•) Control, N 5; *p <
0.05.
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Discussion
thyroidectomized animals, but only 479 32 nmole/mg protein
in sham—operated animals (P < 0.02).
Effect of increased renal glutathione content on renal
function after ischemia
Glutathione infusion also provided protection against postis-
chemic renal dysfunction. Twenty-four hr after ischemia,
plasma creatinine was 3.6 0.2 mg/l0O mliter in control
animals and 2.4 0.3 mg/l00 muter in glutathione—treated
animals (P < 0.01). Glutathione content of the renal cortex was
also increased by glutathione infusion. One hr after glutathione
infusion, renal glutathione was 699 36 nmole/mg protein vs.
492 30 nmole/mg protein in controls (P < 0.001).
Hypothyroidism, whether induced by thyroidectomy or ad-
ministration of PTU, provided significant protection against
functional impairment following renal ischemia. Thyroidectomy
also provided histologic protection against ischemic injury.
Importantly, thyroidectomy attenuated post-ischemic, oxygen
free radical—mediated lipid peroxidation. This reduction in free
radical damage is most likely the mechanism for hypothyroid—
induced protection of renal function after ischemia.
A reduction in free radical—mediated damage might be due to
decreased production of free radicals, increased removal (or
scavenging) of free radicals, or a combination of both. There is
little information regarding free radical generation in this situ-
ation. In hypothyroidism, renal blood flow and glomerular
filtration are reduced [14, 151. Furthermore, proximal sodium
reabsorption and oxygen consumption are also reduced [15, 16]
and the tubular diameter of the most metabolically active
nephron segments, S2, S3 and the outer medullary thick ascend-
ing limb is reduced [17]. Since superoxide radicals are normally
produced in small amounts by the mitochondrial respiratory
chain (by NADH dehydrogenase and the ubiquinone—cyto-
chrome b region) [9, 18], it is possible that reduced oxygen
utilization in hypothyroidism results in lower production rates
of oxygen free radicals in the basal state. However, there is no
reason to suspect a priori that after ischemia plus reflow the rate
of production of free radicals is less in hypothyroid than
euthyroid tubular cells. After ischemia plus reflow, superoxide
radicals are generated in the cytoplasm by xanthine oxidase.
Measurements of xanthine oxidase, hypoxanthine or xanthine
concentrations in post-ischemic kidneys of hypothyroid animals
have not been reported.
It is likely that free radical scavenging is increased in
hypothyroidism. The finding of increased renal cortical
glutathione in thyroidectomized animals suggests that these
animals have an improved ability to remove free radicals.
Glutathione peroxidase, in addition to catalase, is an essential
intracellular enzyme which scavenges H202 [19]. (H2O2 is not
technically a free radical, although it is a reactive oxygen
species. It is formed from 02- and in combination with 02 yields
OW, both free radicals.) The substrate for glutathione peroxi-
dase is reduced glutathione (GSH). An increased availability of
glutathione would, therefore, increase the ability of the cell to
scavenge H202, whereas decreased glutathione increases sus-
ceptibility to H202 [18]. Removal of H202 would also prevent
production of OH', believed by some to be the most damaging
reactive oxygen species. In addition, glutathione is itself a
scavenger for OW [20]. The finding that increased pre-ischemic
glutathione content after glutathione infusion in euthyroid ani-
mals was associated with better renal function after ischemia
supports the hypothesis that renal glutathione level is an
important determinant of renal post-ischemic injury.
One advantage of the present protocol is the ability of
hypothyroidism to alter the level of endogenous antioxidants, in
particular glutathione. In a previous study, protection of the
kidney against free radical—mediated damage was induced by
the administration of exogenous scavengers. However, it was
not entirely clear what the fate of infused superoxide dismutase
or dimethylthiourea, for example, was. Catalase, the other
important scavenger of H2O2 besides glutathione peroxidase,
Fig. 3. Renal histology 24 hr after renal ischemia. A. From a sham—
operated animal showing extensive cell necrosis, brush border loss, cell
membrane bleb formation and luminal debris. B. From a thyroidectom-
ized animal showing less necrosis, brush border loss and bleb forma-
tion. (330><).
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Fig. 4. Effect of thyroidectomy (Tx) on postischemic lipid peroxidation.
MDA malondialdehyde. P < 0.005.
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did not protect against ischemic injury when infused prior to
renal artery clamping [I]. The high molecular wt of catalase
may have prevented its glomerular filtration and subsequent
access to proximal tubular cells. The finding of protection
against ischemic damage by hypothyroidism in association with
increased glutathione is consistent with this hypothesis, and
suggests a possible role for H202 in postischemic renal injury.
While the finding of increased glutathione in kidneys from
thyroidectomized rats suggests a mechanism whereby hypothy-
roidism protected against free radical—mediated damage in
ischemic acute renal failure, the cause of increased renal
glutathione in thyroidectomized animals is not entirely clear.
Reduced basal oxygen consumption in hypothyroidism may
cause reduced oxidative stress under normal circumstances in
the renal tubule cell and result in higher levels of reduced
glutathione. However, the mechanism for such a process has
not been defined. Hypothyroidism might also provide protec-
tion by increasing the level of other endogenous scavengers
such as superoxide dismutase, catalase, ascorbate, alpha—to-
copherol, histidine and tryptophan. The level of these sub-
stances was not measured in the present study but in studies of
lung, changes in thyroid hormone levels primarily affected
glutathione levels [8].
Of interest, Siegel et al have recently found that administra-
tion of thyroxine is actually beneficial when given after induc-
tion of either ischemic [21] or toxic acute renal failure [22].
However, the beneficial effects of thyroxine were felt to be due
to acceleration of the recovery from acute renal failure since the
initial extent of damage was not affected [22]. Accelerated
recovery may be due to induction of reparative and essential
enzymes by thyroxine [23]. Cronin and Newman found that
chronic thyroxine administration also prevented gentamicin
nephrotoxicity, although the mechanism of this effect was not
found [24]. The present study is not necessarily in conflict with
these reports. It is possible that whereas chronic hypothyroid-
ism limits the amount of renal damage that initially occurs after
renal ischemia by a free radical mechanism, thyroxine acceler-
ates recovery from whatever damage has actually occurred. We
do not at present know whether hyperthyroidism results in
more initial damage after ischemia, nor whether such damage
would be masked by more prompt recovery from this injury.
In summary, hypothyroidism, whether produced by
thyroidectomy or administration of PTU, resulted in lower
plasma creatinine, higher inulin clearance and improved histol-
ogy after renal ischemia. Thyroidectomy also reduced free
radical—mediated lipid peroxidation after ischemia plus reflow.
Furthermore, hypothyroidism resulted in higher levels of renal
cortical glutathione. In euthyroid animals, increased renal
glutathione content produced by glutathione infusion resulted in
less renal dysfunction after ischemia. In view of the critical role
glutathione plays in scavenging reactive oxygen species, it is
likely that this is a primary mechanism whereby hypothyroid-
ism attenuated free radical—mediated postischemic renal injury.
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